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Objective: The most difficult thyroid tumors to be diagnosed by cytology and histology are con-
ventional follicular carcinomas (cFTCs) and oncocytic follicular carcinomas (oFTCs). Several microR-
NAs (miRNAs) have been previously found to be consistently deregulated in papillary thyroid
carcinomas; however, very limited information is available for cFTC and oFTC. The aim of this study
was to explore miRNA deregulation and find candidate miRNA markers for follicular carcinomas
that can be used diagnostically.

Design: Thirty-eight follicular thyroid carcinomas (21 cFTCs, 17 oFTCs) and 10 normal thyroid tissue
samples were studied for expression of 381 miRNAs using human microarray assays. Expression of
deregulated miRNAs was confirmed by individual RT-PCR assays in all samples. In addition, 11
follicular adenomas, two hyperplastic nodules (HNs), and 19 fine-needle aspiration samples were
studied for expression of novel miRNA markers detected in this study.

Results: The unsupervised hierarchical clustering analysis demonstrated individual clusters for cFTC
and oFTC, indicating the difference in miRNA expression between these tumor types. Both cFTCs
and oFTCs showed an up-regulation of miR-182/-183/-221/-222/-125a-3p and a down-regulation of
miR-542-5p/-574-3p/-455/-199a. Novel miRNA (miR-885-5p) was found to be strongly up-regulated
(�40-fold) in oFTCs but not in cFTCs, follicular adenomas, and HNs. The classification and regression
tree algorithm applied to fine-needle aspiration samples demonstrated that three dysregulated
miRNAs (miR-885-5p/-221/-574-3p) allowed distinguishing follicular thyroid carcinomas from be-
nign HNs with high accuracy.

Conclusions: In this study we demonstrate that different histopathological types of follicular thy-
roid carcinomas have distinct miRNA expression profiles. MiR-885-5p is highly up-regulated in
oncocytic follicular carcinomas and may serve as a diagnostic marker for these tumors. A small set
of deregulated miRNAs allows for an accurate discrimination between follicular carcinomas and
hyperplastic nodules and can be used diagnostically in fine-needle aspiration biopsies. (J Clin
Endocrinol Metab 98: E1–E7, 2013)

Follicular thyroid carcinomas of conventional type
(cFTCs) and oncocytic (Hürthle) type (oFTCs) are the

most common types of thyroid malignancies after papil-

lary carcinoma (1). These tumors represent a diagnostic
challenge, especially in a preoperative setting in which
common histological criteria for malignancy, such as cap-
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sular penetration or vascular invasion, cannot be assessed
(2). Therefore, most of fine-needle aspiration biopsies
(FNABs) from follicular carcinoma nodules are diagnosed
as indeterminate by cytological evaluation, hindering pa-
tient management. Genetic alterations such as mutations
in RAS genes and PAX8/PPAR� are known to occur in
follicular carcinomas, and they have been introduced into
clinical practice to facilitate an accurate preoperative and
postoperative diagnosis (3–5). However, approximately
30% of all follicular carcinomas and more than 80% of
oFTCs do not harbor any known mutations (6, 7). There-
fore, a discovery of additional molecular markers can be
useful for improvement of diagnosis in these tumors.

MicroRNAs (miRNAs) are small noncoding RNAs
that negatively regulate gene expression either through
inhibition of mRNA translation or by promoting mRNA
degradation. They are pivotal regulators of various cellu-
lar processes including proliferation, differentiation, ap-
optosis, survival, motility, and morphogenesis. Being cen-
trally involved in these processes, it is not surprising that
they play a key role in human cancer (8–14). Both the loss
and gain of miRNA function contributes to cancer devel-
opment through either up-regulation or silencing of target
genes, therefore allowing them to function as tumor sup-
pressors or as oncogenes.

Some data suggest that miRNA profiles allow the reli-
able identification of the cell origin of tumors (15). How-
ever, it remains to be fully understood whether variable
tumor types originating from the same cell type have dif-
ferent miRNA profiles. The most recent World Health
Organization classification of thyroid tumors designates
oncocytic thyroid adenomas and carcinomas as a variant
of follicular tumors (1). However, some histological fea-
tures and mutational profiles (16) are different between
these tumor types.

miRNA signatures have been detected in hematological
and solid human malignancies (17–19) including thyroid
tumors (20, 21). Several miRNAs (miR-146, miR-221,
miR-222, miR-155, miR-31, miR-21) have been reported
to be consistently deregulated in papillary thyroid carci-
nomas (22–26) and have demonstrated to have a reason-
able diagnostic accuracy for detection of malignancy in
FNABs and surgically removed tumors (26–28). In addi-
tion, miRNA profiling has been proven to be a valuable
tool to predict the outcome in papillary thyroid cancer (25,
29). Recently several studies indicated the importance of
miRNAs in thyroid cell proliferation and in mediation of
thyroid cell growth induced by TSH (30, 31) Yet only
limited information is available for miRNA expression in
follicular carcinomas (23, 32). The aim of this study was
to analyze a large series of follicular carcinomas for
miRNA expression using an expanded miRNA panel and

to find novel candidate miRNA markers that can be used
diagnostically.

Materials and Methods

Thyroid samples
Totally, 61 thyroid samples (38 follicular carcinomas, 21

cFTCs, and 17 oFTCs), 11 follicular adenomas (FA) (three of
conventional and eight of oncocytic type), 10 normal thyroid
tissues, and two hyperplastic nodules were analyzed. Thirty tis-
sues were snap frozen and 31 were formalin fixed and paraffin
embedded (FFPE) tissues. Snap-frozen tissue from surgically re-
moved thyroid samples was collected at the Department of Pa-
thology, University of Pittsburgh Medical Center, following the
institutional review board approval. FFPE tissues were received
from the University Hospital Zurich and surrounding pathology
institutes, approved by the Cantonal Research Ethics Board
(STV 28-2006). All tumors were classified according to widely
accepted diagnostic histologic criteria (1). In addition, 19 FNABs
collected into nucleic acids preservative solution (Roche Molec-
ular Biochemicals, Mannheim, Germany) and frozen at �80 C
for routine mutational testing at the Molecular Anatomic Pa-
thology laboratory, University of Pennsylvania Medical Center,
were analyzed for the expression of individual miRNAs.

RNA isolation
Each FFPE tissue specimen was stained with hematoxylin and

eosin to ensure that characteristic features of thyroid tumor were
present. Areas with high density and purity (�80%) of tumor
cells were marked for microdissection of adjacent sections to
minimize contamination from surrounding healthy thyroid tis-
sue or infiltrating cells. Overlapping areas in up to six adjacent
slides were manually microdissected from 10- to 15-�m un-
stained histological sections under the guidance of a hematoxylin
and eosin-stained slide using an Olympus SZ61 stereo micro-
scope (Olympus, Hamburg, Germany). Each frozen tissue sam-
ple was embedded into optimum cutting temperature medium
(Thermo Shandon, Pittsburgh, PA), sectioned, stained, and eval-
uated for tumor purity under the microscope. Total RNA was
extracted from snap-frozen surgical specimens using Trizol re-
agent (Invitrogen, Life Technologies, Carlsbad, CA) as previ-
ously described (33) and from FFPE tissue samples with the Re-
coverAll kit (Ambion, Life Technologies, Carlsbad, CA)
according to the manufacturer’s instructions. Total nucleic acids
were isolated from FNABs using the MagNA Pure Compact
RNA isolation kit (Roche Molecular Biochemicals, Mannheim,
Germany). RNA quantity was assessed with a Spectrophotom-
eter (NanoDrop 1000; Thermo Scientific, Waltham, MA).
mRNA quality was assessed by amplification of GAPDH and
KRT7 housekeeping genes, whereas miRNA quality was as-
sessed by the amplification of small nuclear RNAs, RNU44 and
U6 snRNA.

miRNA expression analysis
Quantitation of mature miRNA expression levels in thyroid

tumors and normal thyroid tissue was performed using TaqMan
human microarray assays (Applied Biosystems, Life Technolo-
gies, Carlsbad, CA), which was designed to detect 381 human
miRNAs. The array was performed on an ABI 7900 platform
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(Applied Biosystems, Life Technologies). To assure a reproduc-
ibility of the method, one tumor sample (FC7) was assayed three
times using different concentrations of RNA (6, 30, 150 ng). A
high correlation (average r � 0.91) in miRNA expression levels
was found between the three runs. Total RNA from frozen sam-
ples and from FFPE tissues was reverse transcribed using a high-
capacity cDNA archive kit (Applied Biosystems, Life Technol-

ogies) followed by amplification on an ABI 7900 real-time PCR
system (Applied Biosystems, Life Technologies). Endogenous
controls, RNU44 and RNU48 (Applied Biosystems, Life Tech-
nologies), were used for the normalization of RNA input and
nonhuman miRNA ath-miR159a was used as a negative control.
Expression of individual miRNAs was analyzed using the Taq-
Man individual miRNA assays (Applied Biosystems, Life Tech-
nologies) according to the manufacturer’s instructions.

To assess for differences in miRNA preservation between fro-
zen and FFPE tissue, miRNA expression was measured within
each tissue type. Most of the miRNAs were similarly expressed
between frozen and FFPE tissues, demonstrating a high corre-
lation between the data sets (r � 0.903). However, some differ-
ences were observed for miRNAs expressed at later cycles of
amplification. Therefore, all strongly up-regulated or down-reg-
ulated miRNAs were validated by individual RT-PCR reactions,
and only concordant miRNAs and miRNAs validated in both
frozen and FFPE data sets were included in this study.

miRNA expression levels were calculated by relative quanti-
tation using DataAssist version 3.0 software (Applied Biosys-
tems, Life Technologies) and the fold-expression changes were
determined by the 2���CT method (34). The maximum allowed
the cycle threshold value for calculations was 38. Outliers among
replicates were excluded and P values were adjusted using the
Benjamin-Hochberg false discovery rate. The data are presented
as the fold change of miRNA expression in tumors relatively to
normal thyroid tissues after normalization to endogenous con-
trols, RNU44 and U6 snRNA.

Statistical analysis
DataAssist version 3.0 software (Applied Biosystems, Life

Technologies) was used to calculate agglomerative hierarchical
clustering and RQ plots between thyroid specimens. Classifica-
tion and regression tree analysis was performed with SPSS 17

FIG. 1. Unsupervised hierarchical clustering analysis (Euklidian distance, average linkage) of follicular carcinomas and normal thyroid tissue based
on miRNA expression. Oncocytic thyroid carcinomas (green), conventional thyroid carcinomas (red), and normal thyroid tissue (blue) form three
distinct clusters.

TABLE 1. MicroRNAs dysregulated in conventional and
oncocytic (Hürthle cell) follicular carcinomas

miRNA

Conventional FTC
(mean fold

change)

Oncocytic FTC
(mean fold

change)
hsa-miR-182 8.97 9.47
hsa-miR-183 6.94 22.83
hsa-miR-222 6.78 8.61
hsa-miR-221 6.67 28.75
hsa-miR-125a-3p 9.42 6.02
hsa-miR-146b-5p 4.25 1.22
hsa-miR-146b-3p 2.64 1.29
hsa-miR-96 2.41 4.81
hsa-miR-874 2.08 8.90
hsa-miR-449a 1.99 4.85
hsa-miR-885-5p 0.70 39.21
hsa-miR-574-3p 0.72 0.58
hsa-miR-542-5p 0.53 0.59
hsa-miR-455-3p 0.39 0.10
hsa-miR-455-5p 0.38 0.36
hsa-miR-199a-5p 0.25 0.23
hsa-miR-199a-3p 0.20 0.33

Fold change of 1 indicates no difference in miRNA expression as
compared to normal tissue, whereas a fold change less than 1 reflects
a down-regulation and more than 1 reflects an up-regulation of the
specific miRNA. Novel miRNA (miR-885-5p) strongly up-regulation only
in oFTC has shown in bold.
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(SPSS Inc., Chicago, IL). In silico analysis of miRNA targets was
performed with microRNA Data Integration Portal, which in-
tegrated multiple prediction databases to assure accurate
miRNA-target relationships as described (35–37). The Genema-
nia Network (36) was used to determine physical interaction
between predicted target genes.

Results

miRNA expression profiles of cFTCs and oFTCs
Initially, 38 follicular carcinomas (21 cFTCs and 17

oFTCs) and 10 normal tissues were studied for the ex-
pression of 381 miRNAs using a PCR-based array ap-
proach. To determine whether different histopathological
types of follicular thyroid carcinomas have distinct
miRNA profiles, the unsupervised hierarchical clustering
analysis of miRNA expression was performed. It revealed
three individual clusters: one for normal thyroid tissue,
one for conventional follicular carcinomas, and one for
oncocytic follicular carcinomas (Fig. 1). These individual
clusters support distinct biological mechanisms involved
in the development of these tumors and their histopatho-
logical differences.

Next, we searched for individual miRNAs that had the
highest levels of deregulation in cFTCs and oFTCs. We
found miR-182, -183, -221, and -222 being up-regulated
in both cFTCs and oFTCs compared with normal thyroid
tissue. However, the levels of expression were different
(Table 1). oFTCs expressed these miRNAs at a higher
level, ranging from 10- to 30-fold as compared with 6- to
9-fold in cFTCs. Other up-regulated miRNAs in both tu-
mor types were miR-96, miR-874, and miR-449a (Table
1). Many miRNAs were significantly down-regulated in
both cFTCs and oFTCs including miR-542-5p, -574-3p,

-455-3p, -455-5p, -199a-5p, -199a-3p,
and 125a-3p (Table 1). Interestingly,
two miRNAs that are known to be
strongly up-regulated in papillary thy-
roid carcinomas, miR-146b-5p and
miR-146b-3p, were also overexpressed
at low level (2- to 4-fold) in cFTCs but
not in oFTCs (Table 1).

Expression of miR-885-5p
While exploring miRNAs differen-

tially expressed between cFTCs and
oFTCs, mir-885-5p was noticed as
highly up-regulated in oFTCs. Expres-
sion of this miRNA was validated with
an individual RT-PCR assay. Fifteen of
17 oFTCs (88%) demonstrated over-
expression of miR-885-5p at levels
ranging from 4- to 191-fold compared

with normal thyroid tissue (Fig. 2). In contrast, only one
of 21 conventional follicular thyroid carcinomas (FTCs)
(4.8%) showed an up-regulation of miR-885-5p. These
results were validated in an independent set of 11 follicular
adenomas (eight oncocytic and three conventional types)
and two hyperplastic nodules (Fig. 2). miR-885-5p was
not up-regulated in follicular adenomas and hyperplastic
nodules with the exception of one oncocytic FA.

A search for predicted target genes for miR-885-5p us-
ing a combination of different prediction databases via
microRNA Data Integration Portal software (35) revealed
several genes that are associated with mitochondrial ox-
idative stress including the HTRA2 gene. In addition, the
Genemania Network (36) determined a physical interac-
tion between HTRA2 and NDUFA13 (GRIM19), a gene
involved in the mitochondrial respiratory chain (38–40).
This suggested that miR-885-5p may play a pathogenetic
role in the development of oFTCs, whose hallmark is an
accumulation of abundant mitochondria.

Diagnostic utility of deregulated miRNAs in fine
needle aspiration samples

To validate the potential diagnostic utility of deregu-
lated miRNAs found in this study, we analyzed an inde-
pendent set of 19 FNABs that was derived either from
hyperplastic nodules (n � 11) or from nodules diagnosed
as FTC after surgery (n � 8). Seven of these FNAB samples
were from oncocytic FTCs and one from conventional
FTC. All these FNAB samples were diagnosed as indeter-
minate by cytological evaluation and tested negative for
BRAF, RAS, RET/PTC and PAX8/PPAR� mutations as
previously described (3). Expression of up-regulated
miRNAs (miR-182/183/221/222/146-5p/146-3p/885-
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FIG. 2. Validation of miR-885-5p expression by individual RT-PCR assays in oFTCs, cFTCs,
follicular adenomas, and hyperplastic nodules (HN). Strong up-regulation of miR-885-5p was
detected only in oFTCs.

E4 Dettmer et al. miRNA Expression in Follicular Thyroid Carcinomas J Clin Endocrinol Metab, January 2013, 98(1):E1–E7



5p) and down-regulated miRNAs (miR-542-5p/455-3p/
445-5p/574-3p/199a-5p/199a-3p) were determined by in-
dividual RT-PCR assays. As a result, only a small subset of
miRNAs demonstrated consistent difference in expression
between benign and malignant FNAB samples. Classifi-
cation and regression tree algorithm revealed that a 94%
diagnostic accuracy can be achieved using only miR-
885–5p and a 100% diagnostic accuracy using miR-885-
5p, -221 and -574-3p (Fig. 3).

Discussion

In this study, we evaluated miRNA expression in a large
series of follicular thyroid carcinomas using miRNAs ar-
ray approach with subsequent validation of deregulated
miRNAs by individual assays. We demonstrated that two
histopathological types of follicular carcinomas (cFTC
and oFTC) have distinct miRNA expression profiles. We
also identified miR-885–5p as a novel miRNA marker of
oFTC. In addition, a limited set of miRNAs (miR-221,
miR-885-5p, miR-574-3p) allowed us to discriminate be-
tween benign hyperplastic nodules and FTCs in clinically
collected FNAB samples with high accuracy.

It is currently known that miRNAs are expressed in a
tissue specific manner according to the cell of origin (15).

Nonetheless, the picture is not clear whether this also
holds true for different kinds of tumors arising from the
same cell type. We tested two closely related histopatho-
logical types of follicular carcinoma for expression of 381
miRNAs. The miRNA profiles were substantially differ-
ent between conventional and oncocytic follicular carci-
nomas because they formed an individual cluster on un-
supervised clustering analysis. It provided more evidence
to support the notion that oncocytic tumors represent a
distinct class of thyroid tumors and that miRNA profiles
are indeed able to separate even closely related tumors.

Despite the difference in miRNA expression between
conventional and oncocytic follicular carcinomas, we
were able to identify miRNAs that showed similar pattern
of deregulation in both tumor types. For example, miR-
182, -183, -221, -222, -96, -874, and -449a were up-reg-
ulated and miR-542-5p, -574-3p, -455, and -199a were
down-regulated in both tumor types compared with nor-
mal thyroid tissue. Some of these miRNAs have been pre-
viously reported in thyroid cancer. For example, miR-221
and miR-222 are known to be strongly up-regulated in
papillary thyroid carcinoma and at a lower level in dedi-
fferentiated thyroid tumors (20, 21, 23, 24). These two
miRNAs are well-known oncogenic miRs, and several im-
portant genes have been reported to be their functional
targets; among them are CDKN1B (p27Kip1) and KIT
(41, 42). Their overexpression has also been directly
linked to response to chemotherapy to breast, prostate,
and lung cancer (43). Up-regulation of these miRNAs have
been previously reported in FTCs by Nikiforova et al. (23)
but not by Weber et al. (32), which can be explained by
differences in the methodologies used and the selection of
tumor samples. In this study, we confirmed the up-regu-
lation of miR-221 and miR-222 in follicular carcinomas of
both oncocytic and conventional types. It suggests that
miR-221 and miR-222 are the only miRNAs that are
found to be consistently up-regulated in different types of
thyroid cancer including papillary and follicular carci-
noma and can be used as markers for thyroid malignancy.

Most interestingly, we identified a novel miR-885-5p
that has never been linked to follicular thyroid carcino-
mas. miR-885-5p was highly up-regulated in oFTCs but
not in conventional FTCs. In addition, this miRNA was
not up-regulated in follicular adenomas and hyperplastic
nodules, making it a promising diagnostic marker. The
miR-885-5p gene is located within the intron of the
ATP2B2 gene at chromosomal band 3p25.3. This chro-
mosomal region is frequently deleted in conventional fol-
licular carcinomas (44), which might be one of the expla-
nations for the absence of miR-885-5p expression in
conventional FTCs. Our search of target genes for miR-
885-5p identified the HtrA serine peptidase 2 (HTRA2)

FIG. 3. Classification and regression tree analysis of miRNA expression
for discrimination between FTCs and hyperplastic nodules (HN)
revealed the following diagnostic algorithm. Three miRNAs (miR-885-
5p, miR-221, and miR-574) were sufficient to achieve a 100%
diagnostic accuracy in FNABs derived from between benign
hyperplastic nodules and follicular carcinomas.
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gene as the most promising candidate. Its protein is local-
ized in the mitochondrial membrane and can physically
interact with NDUFA13 (GRIM19) (36, 45), a gene known
to be involved in oncocytic thyroid tumorigenesis (38, 46).
This suggests that miR-885-5p may play a pathogenetic
role in the development of oFTCs, whose hallmark is an
accumulation of abundant mitochondria, and awaits ex-
perimental confirmation.

All deregulated miRNAs in surgically removed follic-
ular carcinomas were evaluated for diagnostic use in
FNABs derived from benign and malignant thyroid nod-
ules. Using a series of well-characterized FNAB samples,
we provided evidence for high diagnostic potential of a
limited panel of miRNAs for the diagnosis of follicular
carcinoma in FNAB samples. It appears that only a small
number of miRNAs (miR-221, miR-885-5p, miR-574) is
sufficient to differentiated FTCs from benign nodules with
high diagnostic accuracy. Some miRNAs with high levels
of deregulation in surgically removed specimens did not
show diagnostic utility in fine-needle aspiration samples.
For example, up-regulated miR-182 and miR-183 were
found to be overexpressed in hyperplastic nodules and
down-regulated miR-199a-3p, -199a-5p, and -455-5p
was also down-regulated in hyperplastic nodules. Al-
though our findings need to be further confirmed in a
larger series of samples, they lay the foundation for the use
of miRNA profiling as an effective diagnostic tool for the
preoperative assessment of thyroid nodules.
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40. Máximo V, Lima J, Soares P, Silva A, Bento I, Sobrinho-Simões M
2008 GRIM-19 in health and disease. Adv Anat Pathol 15:46–53

41. Felli N, Fontana L, Pelosi E, Botta R, Bonci D, Facchiano F, Liuzzi
F, Lulli V, Morsilli O, Santoro S, Valtieri M, Calin GA, Liu CG,
Sorrentino A, Croce CM, Peschle C 2005 MicroRNAs 221 and 222
inhibit normal erythropoiesis and erythroleukemic cell growth via
kit receptor down-modulation. Proc Natl Acad Sci USA 102:18081–
18086

42. Visone R, Russo L, Pallante P, De Martino I, Ferraro A, Leone V,
Borbone E, Petrocca F, Alder H, Croce CM, Fusco A 2007 MicroR-
NAs (miR)-221 and miR-222, both overexpressed in human thyroid
papillary carcinomas, regulate p27Kip1 protein levels and cell cycle.
Endocr Relat Cancer 14:791–798

43. Sun T, Yang M, Kantoff P, Lee GS 2009 Role of microRNA-221/-
222 in cancer development and progression. Cell Cycle 8:2315–
2316

44. Hunt JL, Yim JH, Carty SE 2006 Fractional allelic loss of tumor
suppressor genes identifies malignancy and predicts clinical out-
come in follicular thyroid tumors. Thyroid 16:643–649

45. Ma X, Kalakonda S, Srinivasula SM, Reddy SP, Platanias LC, Kal-
vakolanu DV 2007 GRIM-19 associates with the serine protease
HtrA2 for promoting cell death. Oncogene 26:4842–4849
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